Mesa Central is an elevated plateau that can be divided into two regions. In the southern region, the topography is higher than 2000 masl, except for the Aguascalientes valley. This region is mostly covered by Cenozoic volcanic rocks. The northern region shows an advanced degree of erosion, and is below 2000 masl. The crust in Mesa Central is ~32 km thick, and it is bordered by the Sierra Madre Oriental, which has an average crustal thickness of ~37 km, and the Sierra Madre Occidental, which has an average crustal thickness of ~40 km. The presence of magmas below the crust is inferred, suggesting an underplating process. The oldest rocks are Triassic marine facies underlain by Jurassic continental rocks. Marine environment prevailed between the Oxfordian and the Cretaceous, forming three distinctive lithological sequences, from E to W: the Valles-San Luis Potosí Platform, the Mesozoic Basin of Central México, and marine volcanosedimentary Mesozoic rocks. All of the above rocks have plicative deformation and inverse faulting, which was produced during the Laramide orogeny. An angular unconformity separates these lithological sequences from the continental Cenozoic rocks. The bottom of the Cenozoic sequence consists of conglomerate with andesitic and rhyolitic volcanic rocks. These were followed by Oligocene topaz-bearing rhyolites, and the uppermost part of the Cenozoic sequence is Miocene-Quaternary alkaline basalt. The boundaries of Mesa Central are the Sector Transversal de Parras and major fault systems active during the Cenozoic to the E, W, and S. A major structure, the San Luis-Tepehuanes fault system, separates the northern and southern regions of Mesa Central. The majority of the mineral deposits found in Mesa Central or in its vicinities, especially epithermal deposits, is located on the traces of the major fault systems described above. The data available suggests that the structures associated with the major fault systems controlled the emplacement of both volcanic-hypabyssal rocks and mineral deposits.
INTRODUCTION
Mesa Central is located in central-northern México, a semiarid region. Most geological studies in this region have focused on the exploration and exploitation of ore deposits, mainly precious metals. The works published in the nineteenth century, and in the beginnings of the twentieth, describe the stratigraphic record of mining districts such as Zacatecas, Fresnillo, Guanajuato, or Real de Catorce, to name a few (e.g., López-Monroy, 1888; Botsford, 1909) .
Knowledge concerning Cenozoic geology and the processes that formed Mesa Central was scarce until the second half of the twentieth century. In the 1968 Geologic Map of the Mexican Republic (Hernández-Sanchez-Mejorada and López-Ramos, 1968) , a "middle Cenozoic volcanic unit," which represents the undifferentiated Cenozoic volcanic cover, is located in the southern part of Mesa Central. Until that time, the rocks had not been divided into lithostratigraphic units. However, the 1968 map includes Cretaceous rocks and local outcrops of older rocks in the northern region of Mesa Central, in Zacatecas, Catorce, Ojo Caliente, and Charcas. The rest of the surface is covered by an extensive unit labeled "tuffs and residual material," which is given an age of Recent and Pleistocene and not formally separated into lithostratigraphic units.
Systematic topographic and geologic cartography, initiated in the 1970s by the National Institute of Statistics, Geography and Informatics (INEGI, 2004) , constitutes the basis for the modern geological research in the area. There are two other regional series of geological maps that currently constitute the largest database of geologic information about Mesa Central. The fi rst set of geologic maps is the geological cartography (scale 1:50,000) of the Institute of Geology of the Autonomous University of San Luis Potosí, published in the Technical Reports series. These maps cover the San Luis Potosí state and neighboring regions. The second set of geologic maps was published by the Mexican Geological Survey (formerly Council for Mineral Resources, Coremi). These maps cover the entire Mesa Central at a scale of 1:250,000 and many mining areas at a scale of 1:50,000. This information was gradually made available to the public during the 1970s, 1980s, and 1990s. This systematic cartographic program is still active. The geologic study of Mesa Central during the last decades of the twentieth century focused mainly on its southern region and Cenozoic rocks. Once the stratigraphic nomenclature was established, many volcanic rocks were dated, allowing structural studies to be done. The information provided in the past few decades has allowed researchers to propose models of tectonic evolution.
In this work, we present a critical analysis of the geologic knowledge of Mesa Central, mainly focusing on the evolution of Cenozoic rocks and structures. We also analyze the defi nition of this physiographic province, and review the known chronostratigraphic units and their interpretations. The structural analysis is made on the basis of location, geometry, and the age of the larger structures, as seen from a kinematic point of view. Additionally, we discuss the main Cenozoic tectonic models and, in conclusion, we propose a series of tectonic events that could have formed Mesa Central. Finally, we suggest that further research is necessary to close the major remaining scientifi c gaps concerning the geology of Mesa Central.
LOCATION AND EXTENSION OF MESA CENTRAL
Mesa Central was defi ned as a physiographic province by Raisz (1959) , as "a basin surrounded by more elevated mountains. More high and fl at than the Basin and Range province (located to the north). Instead of elongated ranges, this one has low elevated areas, mainly dissecting old volcanic rocks." If we observe the orographic confi guration of the Mexican Republic, this province clearly stands out in the central part of the country (Fig. 1) . Nevertheless, the modern knowledge of the orography and geology of that region, along with the possibility of observing México as a whole in satellite images and digital elevation models, necessitates a redefi nition of the geologic boundaries of Mesa Central.
The boundaries of Mesa Central in Figure 1 were drawn according to the defi nitions of "physiographic province" proposed by Bates and Jackson (1987) and Lugo-Hubp (1989) . We considered the specifi c morphologic and geologic characteristics of Mesa Central and identifi ed its boundaries with neighboring regions. The confi guration we drew matches the one proposed in the Digital Map of México by the National Institute of Statistics, Geography and Informatics (INEGI) .
Mesa Central is a plateau located in the central part of México. More than half of its total area is found above 2000 masl, and the topographic highs within it are considered moderate, providing that typical height differences between the plateau and the topographic highs within are less than 600 m (Fig. 1) . Mesa Central is bounded to the N and E by the Sierra Madre Oriental, toward the W by the Sierra Madre Occidental, and to the S by the El Bajío Basin. The physiographic provinces surrounding Mesa Central are distinctive in that they have a more abrupt relief. The Sierra Madre Oriental is a mountain chain formed during the Laramide orogeny (e.g., Eguiluz-de Antuñano et al., 2000) that lies N and E of Mesa Central. The Sierra Madre Oriental is topographically lower than 2000 masl in the eastern part and higher in its northern and northeastern parts, and is over 2800 masl in the higher mountains (Fig. 1) . To the W of Mesa Central is the Sierra Madre Occidental, a mountain chain of volcanic origin (e.g., ArandaGómez et al., 2000) . A N-S zone, which is ca. 130 km wide and has elevations over 2800 masl in many places, appears near the Mesa Central boundary (Fig. 1) . Westward of that zone the elevations are less than 2000 masl and decrease gradually down to the coast. The southern section of Mesa Central is bounded by the El Bajío Basin, where elevations suddenly drop from more than 2000 masl to an average of 1800 masl.
Within Mesa Central, we recognize two regions: the southern region is higher in elevation than the northern; with the sole exception of the Aguascalientes valley, the southern region is higher than 2000 masl. It is covered by Cenozoic volcanic rocks spe 422-02 30 pages (Nieto-Samaniego et al., 1999) , shows immature stages of erosion compared to the northern region, and has normal faults with moderately eroded escarpments as its major structures. In an E-W profi le through the southern region of Mesa Central and adjacent areas, it is evident that the average elevations of the Sierra Madre Occidental and the Sierra Madre Oriental are lower than the average elevation of Mesa Central. It is also remarkable that the relief within Mesa Central is fl atter than it is within the Sierra Madre Occidental and Sierra Madre Oriental. These characteristics describe Mesa Central as an elevated plateau, more elevated than the surrounding regions (Fig. 1) . In contrast, the northern region shows advanced stages of erosion with large alluvial and lacustrine continental basins, many of them endorheic. This region is lower in elevation, below 2000 masl, and fl atter than the southern region ( Fig. 1) . Unlike the southern region, when an E-W profi le is traced, Mesa Central appears as depressed and fl attened in comparison to the surrounding mountains ( Fig. 1) , thus constituting a depressed plain.
The boundary between the northern and southern regions of Mesa Central is a NW-striking lineament over 1600 km long. Cenozoic normal faults have been documented along such lineaments in San Luis Potosí-San Luis de La Paz (Alaniz-Álvarez et al., 2001) , Salinas de Hidalgo (La Ballena; Silva-Romo, 1996) , and Nazas-Rodeo (Aranda-Gómez et al., 2003) . In addition, there are local reports of NW normal faults along this lineament in the Zacatecas and Fresnillo mining districts (De Cserna, 1976; Albinson, 1988; Ponce and Clark, 1988) .
THE CRUST AND LITHOSPHERE OF MESA CENTRAL
The crustal structure of Mesa Central and the Sierra Madre Occidental has been interpreted from seismic profi les reported by Meyer et al. (1958) , Fix (1975) , and Rivera and Ponce (1986) . Kerdan (1992) made a model of the crustal structure based on a gravimetric profi le through the Tropic of Cancer, from the Baja Elevation > 2 000 masl Elevation > 3 000 masl 
Nieto-Samaniego et al. spe 422-02 30 pages
California Peninsula to the Gulf of México, using the densities proposed in the aforementioned seismic studies.
The most probable crustal thickness of Mesa Central is ca. 32 km, in contrast with the crustal thicknesses determined for the Sierra Madre Oriental and the Sierra Madre Occidental, ca. 37 and 40 km, respectively ( Fig. 2) (Campos-Enríquez et al., 1992; Kerdan, 1992; Nieto-Samaniego et al., 1999) . Using a seismic model, Fix (1975) interpreted a zone with ca. 20% partial melting below the thinned crust of Mesa Central. The melting zone occurs between 34 and 260 km deep in the crust, and the relative degree of partial melting decreases gradually upward. Additional evidence for partial melting is found in the occurrence of mantle and crustal xenoliths in Quaternary basalts, which have been reported by Aranda-Gómez et al. (1993a) . Indirect temperature data at the base of the crust were obtained by Hayob et al. (1989) . These authors used granulitization (950-1125 °C), feldspar exsolution, and plagioclase homogenization temperatures (850-900 °C) in xenoliths collected in the southern region of Mesa Central, and proposed that granulitization occurred in the lower crust below Mesa Central between the Oligocene and the Quaternary. Thus, the most probable temperature at the base of the crust below Mesa Central is 850 °C. Figure 2c displays the structure of the crust and the uppermost mantle below Mesa Central. Thus, the crust is relatively thin, topographically elevated, and bounded by two thicker and depressed crustal blocks. Below the crust of Mesa Central, bodies of partial melt occur in the mantle. This confi guration resembles underplating processes, which, because of the presence of partially molten material beneath the elevated zone, are probably responsible for the crustal rise. As a consequence, the heated lower and middle crust shows risen isotherms.
STRATIGRAPHY
SW of San Juan del Río in Durango, near the edge of Mesa Central, Iriondo et al. (2003) Ar in muscovite; Fig. 3 ). There are no other mapped outcrops of Paleozoic rocks within Mesa Central. In contrast, Paleozoic rocks appear at the edges of Mesa Central and within the Sierra Madre Oriental (Ortega-Gutiérrez et al., 1992; Sánchez-Zavala et al., 1999) .
Some authors attributed Paleozoic ages to rocks within Mesa Central, although convincing evidence was not provided. In Zacatecas, Burckhardt and Scalia (1906) considered a likely Paleozoic age for schist and phyllite that discordantly underlie a phyllite sequence with Carnian fossils; that Paleozoic age was questioned by McGehee (1976) because he could not identify the unconformity in his stratigraphic section. No additional information supporting the occurrence of Paleozoic rocks in Mesa Central has been published since then. In the Sierra de Catorce, Bacon (1978) , Zárate-del Valle (1982) , and Franco-Rubio (1999) considered a Paleozoic age for the base of the stratigraphic sequence. Such interpretation was mainly supported by the presence of Pennsylvanian spores (Bacon, 1978) and fragments of fossil plants (Franco-Rubio, 1999) ; but these ages have been questioned by Hoppe et al. (2002) and Barboza-Gudiño et al. (2004) , because of sedimentary and stratigraphic evidence that indicates a more probable Upper Triassic age for the bottom of the sedimentary sequence at the Sierra de Catorce.
Mesozoic

Triassic
Late Triassic rocks within Mesa Central, whose age was established by their fossil content, were reported in the Sierra de Salinas (Peñón Blanco; Silva-Romo, 1996) and Charcas in San Luis Potosí (Cantú-Chapa, 1969) , and in Zacatecas (Burckhardt and Scalia, 1906) . The turbidites at the base of the sedimentary sequence in the Sierra de Catorce were attributed to the Triassic by means of lithologic correlation with the sequences at the other mentioned localities (Barboza-Gudiño et al., 2004; Fig. 3 ). In the Sierra de Salinas, Charcas, and Sierra de Catorce, Triassic rocks are found as thick sandstone and lutite sequences with characteristics of turbidites (Silva-Romo, 1996; CentenoGarcía and Silva-Romo, 1997; Silva-Romo et al., 2000) . In Zacatecas, Triassic rocks are clastic sedimentary rocks with low metamorphic degrees. Phyllite and schist with interbedded conglomerate and sandstone are dominant toward the base of the sequence, and are overlain by an upper sequence of phyllite with sandstone and marble. An unconformity was proposed to occur between the two sequences, but this interpretation has not found unanimous agreement (McGehee, 1976; Ranson, et al., 1982; Monod and Calvet, 1991; Quintero-Legorreta, 1992) . Mafi c rocks, termed "green rocks" by several authors, intruded the above sedimentary rocks forming dikes, sills, and other intrusive bodies. Such rocks are younger than the metasedimentary sequences and have an attributed Cretaceous age ( Centeno-García and Silva-Romo, 1997). However, some "green rock" outcrops were reported as pillow lavas interbedded with the Triassic sedimentary rocks (Burckhardt and Scalia, 1906; McGehee, 1976) .
The Triassic turbidites located in the Sierra de Salinas, Sierra de Catorce, and Charcas in the State of San Luis Potosí were interpreted as evidence for the occurrence of a continental margin. The continent supplying clastic material would have been located toward the E-NE, with an ocean to the W-SW, which is represented by clastic rocks in Zacatecas (Fig. 4) .
There are localities with volcanosedimentary rocks correlated by some authors with the Triassic unit at Zacatecas, but their age is a matter for debate. The existence of Triassic rocks in Fresnillo was proposed by De Cserna (1976), but there is no agreement about this age, as other authors consider them to be Cretaceous (Centeno-García and Silva-Romo, 1997). In La Manganita, 80 km NW of Zacatecas, similar volcanosedimentary rocks were reported along with "hybrid tuffs" (López-Infanzón, 1986 ), but no information about their age and composition is available. In the Sierra de Guanajuato, marine basin strata similar to the Zacatecas sequence were reported, but the most likely ages Modified from Kerdan (1992) Figure 2 . Crustal structure of Mesa Central, the location of sections is shown in Figure 1 . Section A-A' corresponds to the model obtained from gravimetric data and section B-B' from hypsography and published crustal thickness (see text for complete discussion). Section C-C' is an idealized model of the Mesa Central crustal structure proposed in this work. SMOc-Sierra Madre Occidental; SMOr-Sierra Madre Oriental. Freydier et al. (1996) considered this to be the age of the basin strata because they are located near a volcanic arc sequence (magmatic sequence of Guanajuato) that is dated Early Cretaceous (K-Ar in wholerock basalt, diorite, tonalite, and gabbro; Lapierre et al., 1992 ). An additional U-Pb age of 146.1 Ma in zircon was reported by Mortensen et al. (2003) . There is direct stratigraphic evidence of the relationship between the volcanosedimentary sequence and the marine carbonate rocks near León in Guanajuato. The volcanosedimentary rocks in that locality underlie limestones with Aptian-Cenomanian fauna in angular unconformity (Chiodi et al., 1988; Quintero-Legorreta, 1992) . The volcanic rocks show greenschist facies metamorphism, hydrothermal alteration, and two penetrative deformations. Quintero-Legorreta (1992) correlated those rocks with the Triassic rocks of Zacatecas because of their lithologic similarity; however, he did not report iso topic or paleontologic ages. A marine sedimentary sequence with basaltic rocks that resemble those of Guanajuato and Zacatecas crops out in Corrales, Guanajuato, but it is Early Cretaceous in age ( Freydier et al., 1996) .
Upper Triassic-Lower Jurassic Unconformity
There is an unconformity over Triassic rocks in Mesa Central that can be observed in Zacatecas (Zacatecas), Sierra de Salinas, Sierra de Catorce, and Charcas (San Luis Potosí). This unconformity has a regional extension, and is overlain by continental rocks that are widely distributed within Mesa Central, in the Sierra Madre Oriental (Carrillo-Bravo, 1971; Barboza-Gudiño et al., 1999) , and in southern México (Morán-Zenteno et al., 1993) .
Jurassic
The Jurassic comprises two lithologic units and one unconformity:
Lower-Middle Jurassic. The oldest Jurassic rocks are continental rocks (sandstone, conglomerate, and volcanic rocks), which record the emersion of Mesa Central. Their Lower-Middle Jurassic age is well known because these rocks discordantly overlie marine Triassic rocks and are discordantly underlain by Upper Jurassic marine rocks (Silva-Romo, 1996; Barboza-Gudiño et al., 2004) . The occurrence of Lower-Middle Jurassic rocks testifi es to the end of marine clastic sedimentation in the margin of the North American craton. Instead, continental sedimentation with subaerial volcanic activity occurred. The time lapse when Mesa Central was emerged is poorly constrained.
Middle Jurassic unconformity. An unconformity that covers the entire Mesa Central is found on the Lower-Middle Jurassic continental rocks (Pantoja-Alor, 1963; López-Infanzón, 1986; Silva-Romo, 1996) . The stratigraphic interval contained in this unconformity is not well constrained because the ages of the overlying strata are not defi nite. The unconformity is located between the upper part of the Middle Jurassic and the base of the Upper Jurassic. Although this unconformity is described in detail in several localities (Bacon, 1978; Silva-Romo, 1996) , its existence was questioned in the Sierra de Catorce by Barboza-Gudiño et al. (2004) . The pre-Oxfordian stratigraphic record of Mesa Central has been widely discussed in the literature, but the age of several lithostratigraphic units and the correlations between them are dubious. For complete revisions on this subject, see BarbozaGudiño et al. (1999) and Bartolini et al. (1999) . Upper Jurassic. The second stratigraphic set of Jurassic rocks consists of calcareous marine rocks. The lower part of this unit is formed of platform limestone and dolomitic limestone (Zuloaga Formation), whereas the upper part is primarily formed of calcareous mudstone with chert layers (La Caja Formation). The age of this unit, Oxfordian to Tithonian, was defi ned by its fossil content (Imlay, 1938) . These rocks record the sedimentation switch from the continental to the marine environment in the entire Mesa Central. The marine environment remained in the area during ~90 Ma, from the Oxfordian until the Upper Cretaceous (Caracol Formation).
Cretaceous
The marine environment initiated in the Upper Jurassic and produced three different marine strata in Mesa Central:
(1) The 4000-m-thick strata, corresponding to the VallesSan Luis Potosí Platform, were deposited in the eastern Mesa Central and toward the E (Carrillo-Bravo, 1971) . Deposition initiated in the Upper Jurassic over continental red beds, and continued during the Cretaceous. These deposits consist of evaporite and reef limestone, fore reef and reef front facies, and the whole sequence was folded (Carrillo-Bravo, 1971; López-Doncel, 2003 ( Ranson et al. 1982; Martínez-Reyes, 1992; Centeno-García and Silva-Romo, 1997) . These rocks are widespread in the western part of México, and to the N and S of Mesa Central (Freydier et al., 1996) . The volcanosedimentary sequence has a strong shortening deformation and, contrary to the Mesozoic Basin of Central México and the Valles-San Luis Potosí Platform, shows metamorphism in the greenschists facies, a characteristic that is more easily observed in volcanic rocks. This sequence was interpreted to have formed in a marine volcanic arc whose age is not well constrained, between Late Jurassic and Early Cretaceous according to isotopic ages and paleontologic evidence (Corona-Chávez and López-Picos, 1988; Freydier et al., 1996; Mortensen et al., 2003 Quintero-Legorreta (1992) close to León in Guanajuato as an angular unconformity between (1) clastic rocks with marine volcanic rocks of poorly defi ned Upper Jurassic-Neocomian age, and (2) calcareous rocks with AptianCenomanian fossils. This unconformity has not been documented on rocks of the Mesozoic Basin of Central México, where marine rocks span from the Oxfordian to the Campanian-Maastrichtian with no major hiatus within the series. Thus, it can be inferred that the unconformity occurs only in the western part of Mesa Central, between the volcanosedimentary sequence and the calcareous rocks of the Mesozoic Basin of Central México, and that it includes the upper part of the Neocomian rocks. The presence of low-grade metamorphism and two phases of deformation in the volcanosedimentary sequence-in contrast with the rocks of the Mesozoic Basin of Central México, which had no metamorphism and only one shortening phase-led Quintero-Legorreta (1992) to infer a Nevadian orogeny phase for the volcanosedimentary sequence. The deformation would have occurred during the tectonic transport of the volcanosedimentary sequence toward the E-NE, and the corresponding time span would be represented by the described unconformity.
Cenozoic
The Mesozoic rocks are overlain by Cenozoic continental sedimentary and volcanic rocks, an environment that lasts until the present time in Mesa Central. Three regional unconformities were identifi ed in the stratigraphic record:
Mesozoic-Tertiary Unconformity
The Mesozoic rocks, deformed and sometimes showing lowgrade metamorphism, underlie an angular and erosional unconformity. This unconformity extends to all of Mesa Central and most of México. In Mesa Central, this unconformity represents a lapse in sedimentation from the Late Cretaceous to the Paleocene in its western part, and from the Maastrichtian to the Paleocene in the eastern part; however their temporal limits are not well defi ned. Munguía-Rojas et al. (2000) constrain the unconformity to the Santonian at 26° lat. N and 104° long. W, and it becomes older westward. This unconformity represents the sedimentary hiatus produced during the Laramide orogeny.
Continental Paleocene-Middle Eocene Strata
These rocks appear in the N and NW and as isolated outcrops in the center, S, and E of Mesa Central (Fig. 3) . They are mainly sandstone and conglomerate, with mafi c volcanic rocks in some localities, or less abundantly, felsic pyroclastic rocks. This unit is variable in thickness, changing from tens of meters to some hundreds in short distances. This variability indicates that the unit deposited in a surface with a high topographic relief, apparently associated with the development of grabens, as documented in Guanajuato (Edwards, 1955; Aranda-Gómez and McDowell, 1998) , León (Martínez-Reyes, 1992) , Zacatecas (Edwards, 1955) , Fresnillo and Sombrerete (Albinson, 1988) , some localities in the State of San Luis Potosí (Labarthe-Hernández et al., 1982) , near Durango (Cordova, 1988) , Rodeo (Aguirre-Díaz and McDowell, 1991) , and Peñón Blanco (Roldán-Quintana, 1968) . All of these deposits are younger than the Laramide shortening. The age of these rocks has been commonly assigned to the Paleocene-Eocene based on their stratigraphic position, and they have been dated in three localities: Guanajuato, San Luis Potosí, and Zacatecas. In Guanajuato, their Eocene age was determined using vertebrate fossils (Edwards, 1955) and an isotopic age from an andesite lava fl ow at the lower part of the sequence, at 49.3 ± 1 Ma (K-Ar, plagioclase; Aranda-Gómez and McDowell, 1998) . Thus, these authors concluded that the deposit started to form during the early Eocene. The oldest rock that unconformably overlies the conglomerates was dated at 37 ± 3 Ma (Gross, 1975) , thus constraining the minimum age of these rocks to the middle Eocene. In San Luis Potosí, palynologic analyses indicate a Paleocene-Eocene age for these rocks (Labarthe-Hernández et al., 1982) , whereas in Zacatecas the upper part of the conglomerate is interbedded with pyroclastic rocks dated at 46.8 Ma (K-Ar, biotite; Ponce and Clark, 1988) of the Alamitos ignimbrite (Loza-Aguirre, 2005) . Data indicate that the conglomerates deposited during the early Eocene and part of the middle Eocene, but a Paleocene age for the lower part of this sequence cannot be discarded.
Middle Eocene Unconformity
The Paleocene to middle Eocene rocks described above underlie local angular unconformities beneath a volcanic rock cover. In the southern, central, and western portions of Mesa Central, the stratigraphic position of the unconformities indicates that they span the upper part of the middle Eocene. In other localities where the Paleocene to lower Eocene rocks are absent, the middle Eocene unconformity joins the Mesozoic-Tertiary unconformity. In the Sierra de Guanajuato, the middle Eocene unconformity extends to the Oligocene and in the northeastern part of Mesa Central, it extends to the Recent, provided that there is no volcanic cover.
Middle Eocene Volcanic Rocks
The Paleocene-Eocene conglomerates underlie volcanic rocks, which are mainly mafi c but also felsic. The localities where these rocks were mapped are Guanajuato, Aguascalientes, Zacatecas, Fresnillo, San Luis Potosí (Nieto-Samaniego et al., 1996) , the Sombrerete-Colorada area (Albinson, 1988) , Durango (Swanson et al., 1978), Nazas, and N (Aguirre-Díaz and McDowell, 1991) and S of Mesa Central (Morán-Zenteno et al., 2000) . Thus, they form a discontinuous volcanic belt in western México whose ages span from the late Paleocene to the Eocene (Ferrari et al., 2005) . Due to the middle Eocene unconformity, in some localities like Guanajuato, the volcanic rocks unconformably cover the Paleocene to Eocene conglomerates. However, in other localities like Zacatecas, these rocks are concordant to the underlying conglomerates. The isotopic ages of these volcanic rocks in Mesa Central span from 37 to 49 Ma, indicating a main middle Eocene age (Table 1) .
Upper Eocene-Oligocene Unconformity
Between the middle Eocene and Oligocene rocks there is an angular unconformity documented in Zacatecas, Fresnillo, and Sombrerete (Albinson, 1988) . In the Sierra de Guanajuato, this unconformity is inferred from the stratigraphic position of the Oligocene volcanic cover, which commonly directly overlies lower Eocene or Mesozoic rocks. This placement is also observed in the region between San Luis Potosí and Salinas de Hidalgo. This unconformity represents a hiatus in the volcanic activity and coincides with changes in the composition of the magmas. The Eocene volcanism has both andesitic and rhyolitic compositions, whereas the Oligocene volcanism is mostly rhyolitic.
Oligocene Volcanic Rocks
This group of rocks is more characteristic of the southern and western parts of Mesa Central. In the southern part of Mesa Central, the best geologic data set of the region was obtained and was used to establish a complete lithostratigraphic column (Labarthe-Hernández et al., 1982; Nieto-Samaniego et al., 1996 ; and references therein). These rocks are almost vol canic of rhyolitic composition, with compositional variations to latite and dacite. The lower part of this group of rocks consists mainly of effusive rocks, like lava fl ows and domes, with some pyroclastic rocks. The domes and lava fl ows form large volcanic complexes, over 400 m thick, which constitute the nuclei of the ranges within southern Mesa Central. Some examples are the Sierra de San Miguelito, Sierra de Guanajuato, Sierra de (Fig. 3) . The ages of the rhyolites in the southern Mesa Central are of early Oligocene, between 32 and 29 Ma (Nieto-Samaniego et al., 1996) . In the region between Fresnillo and Sombrerete, there is no detailed stratigraphic information available, but the reported isotopic ages range from 30 to 27 Ma (Huspeni et al., 1984) . The upper part of the Oligocene sequence consists of explosive volcanic rocks. It forms a cover with ignimbrites and other pyroclastic rocks of rhyolitic composition that overlie the rhyolitic domes and lava fl ows. The formal lithostratigraphic units for this type of cover were defi ned by Labarthe-Hernández et al. (1982) . The ignimbrites are broadly distributed, but their thickness is moderate, only occasionally greater than 250 m. The ages reported in San Luis Potosí by Labarthe-Hernández et al. (1982) range from 29 to ~27 Ma. In the Sierra de Guanajuato region and in the Sierra de Codornices, Nieto-Samaniego et al. (1996) reported a ~25 Ma ignimbrite, the youngest rock in the pyroclastic group. Such ages have been further documented close to Celaya in Guanajuato (Ojeda-García, 2004) ( Table 2 ).
In the southern part of Mesa Central, there is a remarkable absence of caldera-like structures associated with volcanic rocks, whereas in the western part of Mesa Central such structures have been documented by Swanson et al. (1978) and Ponce and Clark (1988) . The absence of calderas in the southern part of Mesa Central and their scarcity in the eastern limit of the Sierra Madre Occidental led some authors to propose that the pyroclastic rhyolitic rocks in this region formed from fi ssure eruptions. This idea is supported by the observation of numerous pyroclastic dikes hosted by underlying rocks (Labarthe-Hernández et al., 1982; Aguirre-Díaz and Labarthe-Hernández, 2003) .
Based on the distribution, stratigraphic position, and chemical and isotopic composition of the Oligocene volcanic rocks, Orozco-Esquivel et al. (2002) distinguished two groups of rocks with different origins. The lower group consists of rhyolitic lava fl ows, some domes, and pyroclastic material, which are associated with magmas that have evolved from the mantle. The upper group is a voluminous assemblage of rhyolite domes and lava fl ows, which forms the upper part of the sequence of the effusive volcanism and the totality of the pyroclastic cover. This second group was formed by the processes of disequilibrium causing partial melting in the crust, with a small contribution of mantlederived magmas. The composition and main source of the magmas apparently changed at ~30 Ma.
Many private reports and some published works indicate that some volcanic rocks occur interbedded with sedimentary rocks, fi lling the continental basins of the southern part of Mesa Central (Martínez- Ruiz and Cuellar-González, 1978; Jiménez-Nava, 1993) . A similar setting was reported by Cordova (1988) in the San Pablo Formation, ~20 km N of San Juan del Río in Durango, where the local volcanic rocks probably correspond to the Oligocene ignimbrites. Isotopic ages for the interbedded rocks have been reported only in the San Miguel de Allende-Guanajuato region (Nieto-Samaniego et al., 1996) , but it is necessary to have a larger number of isotopic ages to establish the stratigraphic range of Oligocene volcanic rocks in Mesa Central. Data, however, indicate that the Oligocene continental sedimentary rocks deposited contemporaneously with volcanism in Mesa Central.
Middle and Upper Miocene Volcanic Rocks
The Oligocene volcanic rocks interbedded with the sedimentary rocks of the Cenozoic continental basins are unconformably overlain by Miocene mafi c volcanic rocks. These rocks have been reported in many localities of Mesa Central, especially in its central, southern, and western parts. Córdoba (1988) defi ned the Metates Formation at the NW border of Mesa Central as lava fl ows of olivine basalt and andesitic basalt that commonly contain xenoliths of peridotite, gneiss, and other metamorphic rocks. The Metates Formation was dated at ca. 12 Ma in its type locality, W of the city of Durango, outside Mesa Central (McDowell and Keizer, 1977; Henry and Aranda-Gómez, 2000) .
In the Los Encinos region (Fig. 3) , there is a volcanic alkaline basalt fi eld with ages that range from 10.6 to 13.6 Ma (Luhr et al., 1995) . In the State of San Luis Potosí, Labarthe-Hernández et al. (1982) defi ned a lithostratigraphic unit, which they called "Cabras Basalt." The age of this unit is unknown, but these authors attributed a late Oligocene age to it, because it overlies ignimbrites dated at ~27 Ma. However, a 13.2 ± 0.6 Ma K-Ar age in plagioclase was reported by Nieto-Samaniego et al. (1999) for andesitic rocks from the NE part of the State of San Luis Potosí, correlating with the Cabras Basalt. South of the city of San Luis Potosí, in the upper parts of the Sierra de Guanajuato, the basalts and andesites are known as El Cubilete Basalt (Martínez-Reyes, 1992), which was dated at 13.5 Ma by Aguirre-Díaz et al. (1997) . Near San Miguel de Allende, in the SE corner of Mesa Central, there are andesitic and basaltic lava fl ows and stratovolcanoes dated between 16 and ~10 Ma (Pérez-Venzor et al., 1996; Verma and CarrascoNúñez, 2003) . These volcanic rocks extend widely outside of Mesa Central along the northern zone of the Trans-Mexican Volcanic Belt.
Pliocene and Quaternary Volcanic Rocks
In the central part of Mesa Central, volcanic Quaternary to Pliocene rocks exist as small groups of lava and cinder cones, as well as maars, located in the State of San Luis Potosí (LabartheHernández et al., 1982) . In Durango, these rocks form a volcanic fi eld with an overall extension of ~2000 km 2 , which contains over 100 Quaternary cinder and lava cones and some maars (Swanson 1989; Aranda-Gómez et al., 2003) . The Pliocene and Quaternary volcanic rocks of Mesa Central are characterized by the alkaline composition of the lava and commonly contain lerzolite xenoliths from the upper mantle and granulite xenoliths from the base of the crust. The geographic distribution, the volcanoes, and the chemistry of lavas and xenoliths were described by Swanson (1989) and Aranda-Gómez et al. (1993a , 1993b . For a complete study of the Miocene to Quaternary volcanic rocks of Mesa Central and adjacent areas, as well as a broad discussion about their origin, see Aranda-Gómez et al. (2005) .
Oligocene-Quaternary Sedimentary Rocks
Within Mesa Central, mainly in its southern and western parts, the topography is dominated by relatively low mountain ranges surrounded by continental river basins, containing fl uvial and lacustrine rocks. These rocks have not been studied much, and their stratigraphic range varies in different locations. In the Durango region, the lower part of the sequence has been named San Pablo Formation and the upper part, Guadiana Forma tion (Córdoba, 1988) . The felsic and mafi c volcanic rocks contained in this sequence correspond to Oligocene and Pliocene-Quaternary, respectively. In the States of San Luis Potosí, Zacatecas, and Guanajuato, the sedimentary rocks show interbedded Oligocene or Miocene felsic and mafi c volcanic rocks. In addition, the fossil record indicates that the upper parts of the sedimentary sequence have ages that correspond up to the Quaternary (Montellano- Ballesteros, 1990; Carranza-Castañeda et al., 1994) .
Intrusive Bodies
Small intrusive bodies of mainly Tertiary age crop out in Mesa Central. There are only a handful of specifi c studies about them and, in general, these come from nonconventional sources or are hard to fi nd (theses, private reports for mining companies or government dependencies). The most important source of information about the location and age of these bodies are the geologic maps published by the Mexican Geological Survey, which are free and accessible electronically at http://www. coremisgm. gob.mx/. Three of the most important plutonic bodies in Mesa Central are described below:
Comanja Granite
This pluton was defi ned by Quintero-Legorreta (1992), and is found as discontinuous outcrops in most of the Sierra de Guanajuato (Fig. 5) . According to Quintero-Legorreta, the granite body extends for ca. 160 km 2 and is formed by K-feldspar, quartz, plagioclase, and biotite.
The granite is hosted by the Mesozoic folded sequence. It is postorogenic because it was not folded, and it intrudes the Mesozoic rocks, producing a contact metamorphism aureola. There is a nonconformity between the granite and the Tertiary rocks. The granite underlies the continental conglomerates of the Continental Paleocene-middle Eocene rocks described previously, as well as the Oligocene rhyolitic ignimbrites (28.2 ± 0.7 Ma, K-Ar in sanidine; Nieto-Samaniego et al., 1996) . Mujica-Mondragón and Albarrán-Jacobo (1983, in Quintero-Legorreta, 1992) obtained K-Ar ages in biotite of 55 ± 4 and 58 ± 5 Ma, evidence that the granite experienced cooling during the late Paleocene.
Peñón Blanco Intrusion, Zacatecas
The Peñón Blanco intrusive body is located in the Sierra de Salinas along with several plutonic and hypabyssal bodies, it is the largest body among them. The intrusive body is texturally porphyritic with phenocrysts in an equigranular groundmass. It is made up of quartz (ca. 35%), orthoclase (10%-15%), oligoclase (ca. 10%), and muscovite (3.5%-4%), with black tourmaline as a secondary mineral. The chemical and mineralogical compositions indicate that this intrusive body has a peraluminous granitic composition (Silva-Romo, 1996) . The granite bodies intrude Triassic rocks, commonly in normal faults zones. K-Ar dating in muscovite for the Peñón Blanco yielded an age of 48 ± 4 Ma (Mujica-Mondragón and Albarrán-Jacobo, 1983 , in Silva-Romo, 1996 .
Palo Verde Intrusion (El Realito-El Refugio)
The Palo Verde intrusion consists of two main bodies and numerous small bodies (Labarthe-H. et al., 1989 ). LabartheHernández et al. describe the intrusion as a subvolcanic gray to brown, holocrystalline to inequigranular rock with 20% of phenocrysts of orthoclase or sanidine, plagioclase and quartz sized between 2 and 3 mm. The matrix is an aggregate of feldspar and quartz with ferromagnesian mineral (biotite, hastingsite, and riebeckite) crystals up to 1 mm in diameter and forming 3-5% of the matrix. The larger bodies show lateral transitional changes to rhyodacite. The age of this intrusive body is unknown but an Oligocene age is inferred providing that these bodies crosscut ignimbrites aged 29.1 ± 0.3 Ma (K-Ar, whole rock; Labarthe-H. et al., 1989) , and change transitionally to volcanic rocks that correlate with Oligocene volcanic units. spe 422-02 30 pages 25°N S a n L u i s -T e p e h u a n e s f a u l t s y s t e m Ta xc o -S a n M ig u e l d e A lle n d e fa u lt sy st e m S e c t o r T r a n s v e r s a l d e P a r r a s spe 422-02 30 pages
CENOZOIC MAJOR STRUCTURES Major Faults Bounding Mesa Central
El Bajío Fault
The southern boundary of Mesa Central is a normal fault that consists of two large segments. The easternmost segment extends from Celaya to Irapuato, in the State of Guanajuato; it strikes nearly E-W and forms the El Bajío Basin (Fig. 5) . In the footwall of the El Bajío fault, there are two groups of faults, which strike NW-SE and ENE to NE and produce a zigzag pattern in the fault trace. The minimum throw that can be estimated is 250-350 m, which was obtained from the escarpment height, 150-250 m, plus the reported thickness of the El Bajío Basin fi lling near Celaya, ~100 m ( Trujillo-Candelaria, 1985) . Also, there are transverse faults covered by alluvial deposits up to 250 m thick in some parts of the hanging block (Trujillo-Candelaria, 1985) . Thus, we estimate in Celaya a total throw of 350-500 m for the El Bajío fault.
The second segment of the El Bajío fault forms the SW escarpment of the Sierra de Guanajuato, which is located in the raised block of the fault. The segment is 80 km long, and extends from Irapuato to León in the State of Guanajuato. The fault exposed the Cretaceous marine volcanosedimentary sequence, which has been described in previous sections. This segment consists of a series of normal high-angle faults with downthrown blocks to the SW. The displacements of 850 m measured in Oligocene volcanic units (Quintero-Legorreta, 1992 ) and the thicknesses of the alluvial fi llings in the neighborhoods of León which reach 500 m (Hernández-Laloth, 1991) resulted in a throw over 1,200 m long that accumulated after the early Oligocene. It is remarkable that the throw accumulated from the Miocene to Recent is ca. 500 m in Cerro El Cubilete, 20 km SE of León, and is obtained from the displacement of El Cubilete basalt, which is 13.5 Ma ( AguirreDíaz et al., 1997). The Veta Madre fault is a NW-SE normal fault located near the city of Guanajuato, 10 km E of the El Bajío fault; the faults are parallel. The Veta Madre fault has a displacement of over 1,500 m, which occurred between the late Eocene and the early Oligocene. If we added the displacements of both faults, they would result in a total displacement of over 2 km and a throw of ~800 m for the Guanajuato area.
The early Paleocene-Eocene red conglomerates that crop out along the trace of the El Bajío fault indicate possible activity in the Eocene, although it has not been documented. It is not possible to dismiss the idea that the El Bajío fault is older than the above age. However, its individualization is not evident until the Oligocene, when it reached its peak activity, and it experienced successive reactivation phases until the early Miocene. The El Bajío fault crosscuts middle Miocene rocks in both the Guanajuato (El Cubilete basalts) and Salamanca regions (La Ordeña andesite; Ojeda-García, 2004). There is no clear evidence for Pliocene or younger activity in the El Bajío fault or associated faults. Volcanic rocks and volcanoes of that age in the Salamanca-Celaya region are not faulted.
The Taxco-San Miguel de Allende Fault System
The eastern boundary of Mesa Central is a N-S-trending normal fault system that extends from San Miguel de Allende and Querétaro to tens of kilometers to the N of the Sierra de Catorce, forming the boundary between Mesa Central and the Sierra Madre Occidental. These faults also correspond to the northern part of the Taxco-San Miguel de Allende fault system (AlanizÁlvarez et al., 2002; Alaniz-Álvarez and Nieto-Samaniego, 2005) . The fault system also coincides with the paleogeographic boundary between the Valles-San Luis Potosí Platform to the E, and the Mesozoic Basin of Central México to the W. Such paleogeographic elements were described in previous sections. The importance of the coincidence between the paleogeographic transition and the Taxco-San Miguel de Allende fault system lies in the bathymetric and probable crustal thickness differences between the paleogeographic domains in the Cretaceous. In the present time, there are similar differences in the crustal thickness on either side of this fault system. This suggests that most of the faults and the differences in crustal thickness are inherited characteristics of a Mesozoic or older structure, which constituted the transition zone from a marine platform to a marine basin, probably a system of normal faults similar to the Taxco-San Miguel de Allende fault system.
The fault system is segmented by several NW-SE lineaments in Mesa Central, some of which have been documented as fault systems. The larger lineaments are the San Luis-Tepehuanes fault system and the El Bajío fault (Fig. 5) .
The Taxco-San Miguel de Allende fault system has been recognized in the following localities:
• In the Sierra de Catorce, the fault system strikes N-S, and is represented by W-dipping faults observable in the western fl ank. There is no detailed information on the magnitudes or age of the displacements, because there are no Tertiary rocks that allow measurement. However, considering the morphology and height of the escarpments, we infer that they are primarily normal displacements. The probable age of faulting is Paleogene, as it is only known that the escarpments crosscut NW-SE faults containing quartz-monzonitic dikes dated 53 ± 4 Ma (Mujica-Mondragón and Albarrán-Jacobo, 1983). The magnitude of the displacements is determined by the height of the escarpment, which goes as high as 1000 m. East of the Sierra de Catorce there is a normal fault with its hanging wall to the E; the wall is aligned with the western margin of the Valles-San Luis Potosí Platform (Barboza-Gudiño et al., 2004 ). • The Villa de Arista graben (a northern continuation of the Villa de Reyes graben) consists of highly eroded escarpments of normal faults that form a graben fi lled with fl uvial deposits (Moreira- Rivera et al., 1998) . In the city of San Luis Potosí, the throw is ~500 m (Tristán-González, 1986) , and the faults were active during the Oligocene (Nieto-Samaniego et al., 1997).
• In San Miguel de Allende and Querétaro, the Taxco-San Miguel de Allende fault system is a group of parallel normal faults that produced an E-W extension. In San Miguel de Allende, a throw of 450 m and two phases of activity between the Oligocene and the middle Miocene were documented. In Querétaro, the faults have a throw of ~100 m and activity ages corresponding to the late Miocene (Alaniz-Álvarez et al., 2001 ).
The San Luis-Tepehuanes Fault System
This fault system is observed in satellite images and digital elevation models as a NW-SE-striking major lineament that extends from San Luis de La Paz in the State of Guanajuato to Tepehuanes in the State of Durango. The lineament roughly coincides with the NE boundary between the Cenozoic vol canic rocks of the Sierra Madre Occidental and the outcrops of the Mesozoic volcanosedimentary sequences, and with the northern edge of the N-S grabens of the Sierra Madre Occidental (Figs. 3  and 5 ). The San Luis-Tepehuanes fault system can be divided into two segments:
The eastern segment extends from San Luis de La Paz to Salinas de Hidalgo and constitutes the boundary between the southern and northern regions of Mesa Central. Between San Luis de La Paz and Santa María del Río, a system of numerous normal faults trending NW-SE and dipping to the SW were mapped (Labarthe-Hernández and Tristán-González, 1980; Tristán-González, 1987; Alvarado-Méndez et al., 1997) . In some places, the faults form grabens that cut early Oligocene rocks, indicating a maximum age of late Oligocene; the magnitudes of the displacements are unknown.
West of the Villa de Reyes graben, in the Sierra de San Miguelito (Figs. 3 and 5) , the San Luis-Tepehuanes fault system was exhaustively studied by Labarthe-Hernández and Jiménez-López (1992 , Nieto-Samaniego et al. (1997), and Xu et al. (2004) . In that locality, the fault system consists of numerous faults trending N60°W to N20°W and dipping 45° to 75° to the SW. The faults form a domino-like system that tilts the Oligocene volcanic rock layers 20° to the NE on average. The deformation produced a 20% extension in the NE-SW direction, perpendicularly to the trend of the faults (Xu et al., 2004) . The maximum age of the activity is unknown, but it occurred after the Oligocene and it reactivated several times. The main deformation occurred in the early Oligocene, and a second deformation of lesser magnitude occurred during the late Oligocene, which could have extended until the early Miocene (Nieto-Samaniego et al., 1997) .
The next well-documented locality with normal faults of the San Luis-Tepehuanes fault system is the Sierra de Salinas, which is 10 km SSE of Salinas de Hidalgo (Figs. 3 and 5 ). The Sierra de Salinas is 30 km long from N to S and 5-10 km wide, the W side is a normal fault with the hanging wall to the W. The San Luis-Tepehuanes fault system crosscuts the Sierra de Salinas obliquely, its faults trend N50°W with slickensides that indicate a dominant normal movement, which forms a horst-and-graben system. Silva-Romo (1996) identifi ed three phases of extensional deformation in the Sierra de Salinas. The oldest extensional phase activated N-S and WNW faults. The second phase reactivated the WNW faults that crosscut the range, corresponding to the activity of the San Luis-Tepehuanes fault system. Silva-Romo (1996) attributed both phases to the early to middle Eocene as they were coeval or previous to the emplacement of granite bodies dated 48 Ma, provided that there are many dikes hosted by faults of both phases. The last phase of deformation activated the N-S faults that bound the range westward (Silva-Romo, 1996) . The age of such phase of deformation is not specifi ed by Silva-Romo, but is younger than the previous phases, probably late Oligocene or early Miocene, because it affects the Villa Hidalgo ignimbrite, which correlates with Oligocene ignimbrites in Mesa Central (Labarthe-Hernández et al., 1982) . The magnitudes of the displacement are unknown.
About 60 km W of the Sierra de Salinas, the San LuisTepehuanes fault system crosscuts the Aguascalientes graben, which ends up in the intersection zone and is not prolonged to the N. There is an apparent left jump of the W shoulder of the Aguascalientes graben, appearing again until Guadalupe, 15 km to the W (Figs. 3 and 5 ). In the Guadalupe zone, there are many N70°W faults located on the trace of the San Luis-Tepehuanes fault system with dominantly normal displacements. Although some smaller faults with lateral displacements were observed, no evidence for major faults with such displacement was found.
Two large fault systems were mapped in Zacatecas on the trace of the San Luis-Tepehuanes fault system (Ponce and Clark, 1988; Caballero-Martínez et al., 1999) . The oldest consists of NW-SE faults that dip between 50° and 70° to the SW. The fault lengths vary from 4 to 16 km, and they host mineralized veins. These faults (or veins) include La Plomosa, Tajos de Pánuco, Veta Grande, Mala Noche, El Bote, Cantera, and San Rafael (Ponce and Clark, 1988) . The displacement ages of these Cenozoic faults are not well known because they are located in Mesozoic rocks. The NW-SE faults were crosscut by N-S faults that limit the Sierra de Zacatecas forming a horst. No detailed data about the displacements of these faults are available. The size of the observed escarpments suggests, however, that the displacement must exceed an accumulated throw of 400 m. The faults crosscut middle Eocene volcanic rocks (namely the Los Alamitos ignimbrite, dated at 46.8 Ma, and the La Virgen formation, dated at 36.8 Ma; Ponce and Clark, 1988) and do not affect the Oligocene volcanic rocks (the Garabato ignimbrite, dated at 28.0 ± 0.8 Ma by K-Ar in sanidine, and the Sierra Fría rhyolite, dated at 27.0 ± 0.7 Ma by K-Ar in sanidine; Loza-Aguirre, 2005). Thus, the age of such faults is early Eocene-Oligocene. The N-S faults are displaced by new NW-SE faults, which we interpret as resulting from a reactivation of the San Luis-Tepehuanes fault system, which occurred in the late Oligocene, provided that they crosscut the Garabato ignimbrite and the Sierra Fría rhyolite.
Based on previous observations, two phases of activity for the San Luis-Tepehuanes fault system in Zacatecas can be envisaged: a fi rst phase occurred between the late Eocene and the early spe 422-02 30 pages Oligocene coeval with the unconformity described in the stratigraphy section; and a second phase occurred at the end of the Oligocene, or in the Miocene.
Following the trace of the San Luis-Tepehuanes fault system westward, the Fresnillo and Sombrerete mining districts are found 50 and 150 km NW of Zacatecas, respectively. Cenozoic normal faults have been mapped in both localities. In Fresnillo, the longer faults are the Fresnillo and the Laguna Blanca, which strike N30° to 60°W dipping NE; there are minor normal faults parallel to these major ones (see Fig. 2 in De Cserna, 1976) . The fault displacements are not well documented but we refer to the minimum 1000 m of displacement that De Cserna (1976) estimated for the Laguna Blanca fault. The faulting activity in Fresnillo occurred after the formation of the Fresnillo conglomerate, which lies in angular unconformity on Cretaceous rocks, does not present plicative deformation, and underlies volcanic rocks dated at 38.3 Ma (Albinson, 1988) . Such volcanic rocks host some faults and associated hydrothermal alteration. Hydrothermal K-feldspars were dated at 29.1 Ma (Albinson, 1988) . These observations indicate that faulting in the Fresnillo region occurred between the late Eocene and the early Oligocene, but previous faulting between the Paleocene and the middle Eocene might have been possible as well.
In the Sombrerete zone, there are two groups of NW-SE faults of differing age, as well as a small number of E-W and NE-SW faults. The oldest faults host veins formed between the late Eocene and the early Oligocene (Albinson 1988) , provided that they crosscut early to middle Eocene rocks. However, the stratigraphic position within the volcanic sequence to which those ages correspond is unknown. This indicates that faulting occurred between the middle and the late Eocene. The youngest faults displace the veins and cut rhyolites that are probably Oligocene (30-25 Ma), as suggested by lithologic correlation with the Oligocene rhyolites in Fresnillo (Albinson, 1988) .
Northwest of Sombrerete, following the trace of the San Luis-Tepehuanes fault system, there is a group of normal faults that forms continental basins with alluvial deposits that extend as far as the Tepehuanes vicinities (Fig. 5) . There is no detailed information about such faults, but they are found in maps ( Cartas Geológico-Mineras, published by the Consejo de Recursos Minerales: Fresnillo, Durango, and El Salto, scale 1:250,000, and Tepehuanes, scale 1:50,000). The Durango volcanic fi eld of Quaternary age appears on the trace of the San Luis-Tepehuanes fault system between Villa Unión and Canatlán. Normal NW-SE faults within this volcanic fi eld were reported by Aranda-Gómez et al. (2003) . The fault system extends to the NW and forms the 40-kmlong NW-SE graben that contains the Santiaguillo lagoon. During the past century, there were earthquakes and reports of local instrumental seismicity in the graben region (Yamamoto, 1993) . The NW part of the fault system is the Tepehuanes graben, mapped at a scale of 1:50,000 (Carta Geológico-Minera of the Consejo de Recursos Minerales: Tepehuanes), but detailed information about the faults that form the graben is not available. In the Durango region, the San Luis-Tepehuanes fault system is bounded by large NNW normal faults and grabens. To the E, two phases of deformation were documented in the Rodeo graben, one during the early Oligocene (dated between 32.3 and 30.6 Ma), and the other during the early Miocene (dated at ~24 Ma). The Río Chico-Otinapa graben, which was active between 12 and 25 Ma, is located W of the Durango region (Aranda-Gómez et al., 2003) .
The Aguascalientes Graben
This fault system bounds the southern sector to the W of Mesa Central, and separates it from the Sierra Madre Occidental (Fig. 5) . It is a half graben with the main fault located to the W. The main fault trends N-S and is 150 km long, extending from the Altos de Jalisco region to its intersection with the San Luis-Tepehuanes fault system near Zacatecas. The displacement of this fault in Aguascalientes is ~900 m, as deduced from the topographic relief of ~400 m between the volcanic rocks in the raised (western) block and the level of the valley, plus ~500 m from the sediment thickness in the valley, obtained from a deep well (Jiménez-Nava, 1993). The western fault displaced vol canic rocks, mainly felsic ignimbrites whose stratigraphic range is not well known. The oldest rocks W of the city of Aguascalientes were dated middle Eocene, and the ignimbrites of the upper part of the Nochistlán range, located immediately to the W, were dated late Oligocene (Nieto-Samaniego et al., 1997). Additionally, in the deep well at Aguascalientes, there are basaltic rocks of unknown age interbedded with the strata. The nearest basalts that overlie the ignimbritic rocks have early Miocene ages (21.8 ± 1.0 Ma by K-Ar in the rock matrix; Moore et al., 1994) , and are found in the Tlaltenango graben within the Sierra Madre Occidental. The main phase of faulting of the Aguascalientes graben occurred after the early Oligocene but the number of deformation events is unknown. The Cenozoic volcanic cover is present in Mesa Central as well as in the Sierra Madre Occidental, though the morphology and the structural style of these physiographic provinces are different. The Sierra Madre Occidental contains very long, narrow and parallel NNE to NNW horst-and-graben structures with little alluvial fi lling, whereas Mesa Central shows a complex pattern of normal faults with different trends, as well as horst-and-graben structures that commonly form rhombohedral arrangements with basins that contain thick sequences of alluvial and lacustrine continental rocks.
Sector Transversal de Parras of the Sierra Madre Oriental
The Mesa Central is bounded to the N by an ~E-W mountain range that consists of folded Mesozoic rocks of the Sierra Madre Oriental and is known as Sector Transversal de Parras. The relief in the Sector Transversal de Parras, above 2000 masl, is higher to the E than in the northern part. The folds have direction N70°W and they are large and narrow, with vergency to the NNE, though some folds have opposite vergency (Eguiluz-de Antuñano et al., 2000) . Near Mesa Central, the folds are not affected by the N-Strending Caballo, Almagre, or Juarez faults, which are Oligocene in age (Eguiluz-de Antuñano, 1984) .
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The San Marcos fault is located to the N of the northern Mesa Central edge; the San Marcos fault and associated faults are parallel to the Sector Transversal de Parras and were active between the late Miocene and the early Pliocene Aranda-Gómez et al., 2005) . The morphologic characteristics of the Sector Transversal de Parras suggest the existence of a major Cenozoic fault system, but there are no faults that form the northern boundary of Mesa Central or that clearly separate it from the Sierra Madre Oriental.
Fault Systems Inside Mesa Central
In Mesa Central, there are many Cenozoic faults that commonly bound basins fi lled with fl uvial and lacustrine deposits. Such faults can be found mainly in the southern sector of Mesa Central, where they cut Oligocene rocks; the faults strike N-S, E-W, NW-SE, and NE-SW. The diversity in the fault orientations imprints on this sector of Mesa Central a complex structural confi guration (Fig. 5) . The main structures in the region are the Villa de Reyes and the La Sauceda and the El Cuarenta grabens. The Villa de Reyes graben is oriented NNE-SSW, is ~100 km long, and shows throws that reach 500 m (Tristán-González, 1986 ). The La Sauceda graben is oriented ENE-WSW, is 25 km long, and shows throws ~400 m (Nieto-Samaniego, 1992). El Cuarenta graben is oriented N-S, is 40 km long, and shows throws up to 1000 m (Quintero-Legorreta, 1992). The major N-S normal faults are El Obraje, Villa Hidalgo, Los Pájaros, Buenavista, and Villa de Arriaga. The more important NW-SE structures are the Bledos and Enramadas grabens, and the La Quemada depression (Fig. 5) .
GEOLOGIC EVOLUTION
The lithologic record suggests that the evolution of Mesa Central initiated in the Late Triassic with marine strata. The most important characteristic of these rocks is their variation: in the eastern part of Mesa Central (Sierra de Salinas, Sierra de Catorce, and Sierra de Charcas), they consist of turbiditic sequences, whereas in the western part of Mesa Central (Zacatecas), they consist of clastic sequences with a volcanic component and low-grade metamorphism (phyllites). This distribution of facies indicates the existence of a continental margin in Mesa Central, with the ocean toward the W. The shape of this margin cannot be reconstructed due to the scarcity of outcrops.
There are additional areas with marine basin strata of Mesozoic age, along with mafi c volcanic rocks (Fig. 3) . Their distribution shows that the marine basin sequences with vol canic rocks extend NW-SE along the western part of Mesa Central. Freydier et al. (1996) explain the presence of these rocks as part of what they inferred to be the Late Jurassic to Early Cretaceous age Arperos Basin, including the outcrops of Zacatecas and Guanajuato. In Guanajuato, Aptian to Albian marine rocks overlie unconformably the deformed sequence of the Arperos Basin, thus supporting the Late Jurassic to Early Cretaceous age assigned by Freydier et al. (1996) . The occurrence of that unconformity led Quintero-Legorreta (1992) to infer a deformation phase at the end of the Neocomian. However, in the Sierra de Salinas, ca. 100 km N of the Sierra de Guanajuato and ca. 40 km E of Zacatecas, the stratigraphic record of the Mesozoic Basin of Central México contains a continuous record from the Oxfordian to the Turonian without the occurrence of either volcanic rocks or unconformities. For that reason, it is also possible to suppose a much older age than Early Cretaceous for the volcanosedimentary rocks of Sierra de Guanajuato under the unconformity. The age of the rocks is an unsolved problem in the stratigraphy and tectonic evolution of México.
It is remarkable that E and NE of Mesa Central there are Late Triassic red beds (Carrillo-Bravo, 1971; López-Infanzón, 1986) . In Mesa Central, the unconformity on Triassic rocks and the continental origin and volcanosedimentary character of the overlying Middle Jurassic rocks indicate a signifi cant change in the geologic environment: the conditions of Mesa Central change from marine to subaerial, and these continue until the Middle Jurassic with the development of a continental volcanic arc. The unconformity on the Middle Jurassic volcanosedimentary continental rocks, as well as the Upper Jurassic (Oxfordian-Tithonian) marine sequence's lack of any volcanic component, suggests that a marine transgression occurred as the volcanic activity ceased. In other words, the immersion of Mesa Central was produced at the same time as the westward migration of the volcanic zone. This theory is supported by the Late Jurassic to Early Cretaceous volcanosedimentary sequences that underlie the Aptian-Albian rocks in the southwestern border of Mesa Central, and also by the occurrence of Late Jurassic (Oxfordian) volcanic arc sequences in Sonora (Rangin, 1977) and the occurrence of Cretaceous volcanic rocks at the bottom of the Sierra Madre Occidental volcanic sequence (Ferrari et al., 2005) . A simple explanation is that subducted plate increased the subduction angle during the Late Jurassic. That mechanism may have produced the westward migration of the volcanic arc and the extension and subsidence in the continental plate.
The marine conditions in Mesa Central continued during the Late Jurassic and Cretaceous forming the sequence of the Mesozoic Basin of Central México, which does not contain major unconformities that indicate the occurrence of orogenic phases. Only the upper units of the Mesozoic Basin of Central México show a change of facies, from limestone to clastic rocks with volcanic clasts in the younger strata. Such change has been interpreted as an indication of the beginning of the Laramide orogeny (Centeno-García and Silva-Romo, 1997) . The ages of the clastic sequences with volcanic material in Mesa Central have been dated Cenomanian-Turonian after their fossil content (Tardy and Maury, 1973; Silva-Romo, 1996) , and up to the Maastrichtian in the Parras region in the State of Coahuila (Tardy and Maury, 1973) .
The unconformity on the Mesozoic rocks that is found in the entire Mesa Central region corresponds in time to the Laramide orogeny. The orogenic front migrated from W to E. The maximum age of the deformation is constrained by the youngest spe 422-02 30 pages deformed rocks, which are Turonian in age in the western part of Mesa Central and Maastrichtian in the eastern part. Many of the deformed rocks in Mesa Central are covered by Neogene rocks, which means that the folded units may include younger rocks that have not been observed. The minimum age of the Laramide deformation is inferred from the ages of undeformed continental sedimentary or plutonic rocks. In the Sierra de Guanajuato, postorogenic intrusions dated at 54 Ma (Quintero-Legorreta, 1992) , as well as continental conglomerates with interbedded mafi c lavas dated at 49 Ma (Aranda-Gómez and McDowell, 1998) were mapped. There are also volcanic rocks, with ages ranging from 51 to 37 Ma with no contractive deformation, that appear in the western part of Mesa Central as part of a continental volcanic arc (Fig. 3) . Simultaneous with the volcanism, there was a NE-SW extension. It is important to consider that the Laramide orogenic front was still active in the Sierra Madre Oriental during the Eocene epoch (Eguiluz-de Antuñano et al., 2000) . The NE-SW shortening in northern and eastern México was coeval or almost synchronic with the NE-SW extension in the western part of Mesa Central. The distribution of the deformation fi elds is not simple to explain. Considering that the orogenic phase was associated with a low subduction angle, the beginning of extension with associated arc volcanism (of unknown chemical signature) would have required that the subducted plate reach the necessary depth to cause partial melting in the mantle wedge. A simple explanation for the plate reaching that depth is that the subducted plate broke apart, and the segment near the trench subducted with a higher angle than the hanging segment, causing partial melting and the associated volcanism. A similar mechanism and geom etry were proposed for this region by van der Lee and Nolet (1997) for the Miocene. Although this is still a matter of speculation, this hypothesis would explain the geologic record in the region.
It is reasonable to think that the concentration of the Eocene extension in the San Luis-Tepehuanes Fault System results from the existence of an inherited major weakness zone. The existence of a weakness zone is inferred from the distribution of oceanic basin rocks along the structure, indicating that such distribution corresponds to either (1) a thinned crust or (2) the continental crust edge for the Late Triassic, or for the Early Cretaceous according to Freydier et al. (1996) . The juxtaposition zone of the Cretaceous marine volcanic arcs on the marine sequences of the Mesozoic Basin of Central México occurs along the San Luis-Tepehuanes fault system. Although an Eocene extension in a wide region of Mesa Central cannot be dismissed, such deformation has not been documented in the central and northeastern parts of Mesa Central and seems to have concentrated along the fault system.
The unconformity overlying Eocene rocks of Mesa Central marks a change in: (1) the composition and location of the volcanism, (2) the region affected by the extensional tectonics, and (3) the direction of extension that prevailed during the Oligocene. The Oligocene volcanic rocks cover the southern region of Mesa Central, forming large rhyolitic dome fi elds with a relatively thin cover of rhyolitic ignimbrites. The northern region of Mesa Central lacks Oligocene volcanic rocks except in the western part of Mesa Central along the boundary with the Sierra Madre Occidental. The Oligocene volcanism was coeval with extensional deformation; the principal extensions were~20% in the E-W direction and ~10% in the N-S direction. During this event, the following occurred: (1) crustal thinning and rise (Nieto-Samaniego et al., 1997) , (2) a temperature increase with granulitization of the lower crust (Hayob et al., 1989) , (3) the emission of large volumes of rhyolitic effusive rocks during 2 Ma with chemical signatures indicative of crustal melting , and (4) the formation of many continental basins that were fi lled up by alluvial and lacustrine deposits. Nieto-Samaniego et al. (1999) proposed the increase in the subduction rate as a feasible mechanism for producing the events described above. The increase in the subduction rate produces a difference between the rates of subduction and convergence, thus raising the critical value needed to produce extension in the overriding plate. The reasons why the northern region of Mesa Central was not affected by these events are unknown. NietoSamaniego et al. proposed that the increase in the subduction rate is related to different oceanic expansion rates to the N and S of the Shirley fracture of the Pacifi c plate. The rate of expansion was 20% higher to the S of the Shirley fracture than to the N during the Oligocene and the Miocene, and that fracture is aligned with the transition zone between the northern and southern regions of Mesa Central for the Oligocene (Nieto-Samaniego et al., 1999) .
The volcanic arc and the extensional deformation migrated toward the W and the S of Mesa Central during the Miocene, and were located in the margins of Mesa Central during the late Miocene and Pliocene. The Miocene volcanic rocks in Mesa Central are located in the central (San Luis Potosí region) and western part of the province (Durango), and are represented by fi ssure basalts that form plateaus and belong to the Extensional Province of Northern México, and to the subprovince of the southern Basin-and-Range (see Aranda-Gómez et al., 2005) . A second volcanic region, formed by volcanoes and fi ssure lava fl ows, occurs at the southern edge of Mesa Central and has been considered as a part of the Trans-Mexican Volcanic Belt. The volcanism was associated with normal faults, but the rates and magnitudes of deformation are much smaller than during the Oligocene event (Alaniz-Álvarez et al., 2001) .
The youngest volcanic event, which culminates the magmatic history of Mesa Central and unconformably covers the geological units described above, consists of mafi c alkaline Pliocene to Quaternary rocks, and belongs to the Extensional Province of Northern México and to the subprovince of the southern Basin-and-Range. The parental magmas originated in the mantle and contain xenoliths from the upper mantle and the lower crust. The petrologic and geochemical characteristics of such magmas, as well as the style of the resulting volcanism, indicate that they ascended quickly through the crust using deep faulted zones for their ascent . However, faults of signifi cant length, magnitude, or deformation rates have not been mapped in association with these volcanic rocks.
MINERAL DEPOSITS IN MESA CENTRAL
One of the particular aspects of Mesa Central is that it contains a vast amount and a variety of ore deposits, with some of the richest in México among them. In this paper, we locate these deposits in space and time to determine the possible linkages between them and major geologic processes in Mesa Central.
Massive Sulfi de Deposits (Volcanogenic and Sedex)
In the Mexican Mesa Central, the oldest ore deposits with some economic relevance are polymetallic massive sulfi de bodies in Francisco I. Madero and El Salvador-San Nicolás in the Zacatecas region (Johnson et al., 1999; Miranda-Gasca, 2000; Olvera-Carranza et al., 2001) . The Zn-Pb-Ag-(Cu) Francisco I. Madero deposit was interpreted to have formed through a sedimentary-exhalative model (Sedex), although some controversy about this explanation persists, whereas the Zn-Cu-(Ag-Au) El Salvador-San Nicolás deposit is a volcanogenichosted massive sulfi de deposit (VMS). These mining districts also contain skarn and vein deposits (probably epithermal) formed during the Tertiary. In the Guanajuato district there are several small stratiform massive sulfi de deposits, sized up to 1 Mt, which occur within the Sierra de Guanajuato Volcanosedimentary Complex (Miranda-Gasca, 2000) , in a geologic context similar to that of the deposits found in Zacatecas. Both groups of massive sulfi de deposits are hosted in volcanosedimentary sequences in submarine arcs and in back-arc basins that formed between the Upper Jurassic and the Lower Cretaceous (CoronaChávez and López-Picos, 1988; Freydier et al., 1996) .
Metalliferous Deposits in Skarns
The metalliferous skarn deposits are especially abundant in the border areas of Mesa Central, where the essential conditions for their formation occur. Thus, the Providencia-Concepción del Oro deposits in Zacatecas, dated 26.6 Ma, are found in the vicinity of the northwestern border of Mesa Central; the Mapimí deposits in Durango, dated 36.1 Ma, are found close to the northwestern border of Mesa Central; the Charcas (46.6 Ma) and Guadal cázar deposits in San Luis Potosí are found toward the eastern border, and the San Martín district in Zacatecas is located on the southeastern border of Mesa Central. The ages and main characteristics of these deposits were compiled by Megaw et al. (1988) from numerous sources. The San Martín district contains the largest skarn deposits in México (Aranda-Gómez, 1978; Rubin and Kyle, 1988) ; their formation results from the intrusion of a quartz-monzonitic stock on Cretaceous carbonate rocks of the Cuesta del Cura Formation, which yielded a K-Ar age in biotite of 46.2 ± 1 Ma (Damon et al., 1983) . The Cerro San Pedro deposits in San Luis Potosí are hosted by the same formation, and also by the Soyatal and Tamaulipas Formations (Consejo de Recursos Minerales, 1996; Petersen et al., 2001 ). The skarn deposits in Mesa Central and neighboring areas, and the associated deposit types, have been historically mined for Ag, Au, Pb, Zn, Cu, Sn, Hg, As, Sb, Bi, and fl uorite.
Epithermal Deposits
In Mesa Central, like many regions in México, the most frequently occurring deposit type is the epithermal type ( Camprubí et al., 1998 Albinson et al., 2001; Camprubí and Albinson, 2006) , since it is the most common source in México for Ag, as well as for Au, Bi, Se, Zn, Pb, Cu, Hg, As, Sb, and so forth. Many of the most famous mines in México were developed on this type of deposit. Mesa Central contains the deposits of Real de Asientos in Aguascalientes; Velardeña and Papanton in Durango; Guanajuato and Pozos in Guanajuato; Comanja de Corona in Jalisco; Santa María de La Paz and Real de Catorce in San Luis Potosí; Colorada, Fresnillo, Panuco, Pinos, Real de Ángeles, Saín Alto, Sombrerete, and Zacatecas in Zacatecas (González-Reyna, 1956; Petruk and Owens, 1974; Salas, 1975; Buchanan, 1981; Albinson, 1985 Albinson, , 1988 Gemmell et al., 1988; Gilmer et al., 1988; Lang et al., 1988; Pearson et al., 1988; Ponce and Clark, 1988; Ruvalcaba-Ruiz and Thompson, 1988; Simmons et al., 1988; Mango et al., 1991; Simmons, 1991; Consejo de Recursos Min erales, 1992 , 1996 Rivera, 1993; Gunnesch et al., 1994; Randall et al., 1994; Albinson et al., 2001) . Among the different deposit types found in Mesa Central, the epithermal deposits are probably the most studied, due to their economic importance. The epithermal deposits known to date in México are Tertiary in age, from Lutetian (middle Eocene) to Aquitainian (early Miocene) , and their space distribution was mostly determined by the evolution of volcanism in the Sierra Madre Occidental and the Sierra Madre del Sur (see Damon et al., 1981; Clark et al., 1982; Camprubí et al., 2003) . The distribution of epithermal deposits can be divided into three main groups: (1) older than ~40 Ma, which comprises Real de Ángeles; (2) between ~40 and ~27 Ma, the preferential age range for the formation of these deposits in México (between 35 and 30 Ma, according to Albin son, 1988) and which comprises the rest of the deposits with known ages in Mesa Central; and (3) younger than ~23 Ma. The Real de Ángeles district is found SE of the city of Zacatecas, contains Pb-Zn-Ag-(Cd) polymetallic deposits with an estimated tonnage of 85 Mt, and thus constitutes the epithermal deposit in México with the largest tonnage. However, it is not the richest deposit because most of the ore occurs as low-grade disseminations in carbonate rocks, as well as veins and stockwork zones (Pearson et al., 1988; Megaw, 1999; Albinson et al., 2001 ). The total tonnage of this deposit is similar to that of the Pachuca-Real del Monte district in Hidalgo, which accounts for the largest historical production in the world, but average metal grades in this deposit are almost an order of magnitude higher than in Real de Ángeles. Other major world-class epithermal deposits in Mesa Central are Guanajuato and Fresnillo, with an estimated production of 40 and 7 Mt, respectively (the potential for Fresnillo may actually be higher), in high-grade veins and mantos (Albinson et al., 2001) .
Iron Oxide and Apatite Deposits (Iron Oxide-Copper-Gold Type)
One of the best-known ore deposits in Mesa Central is the Cerro de Mercado iron deposit in Durango (Swanson et al., 1978; Lyons, 1988) , which is famous for its gem-quality apatite crystals. This deposit formed ~31.5 Ma within silicic volcanic rocks of the Carpintero Group, which erupted from the Chupaderos caldera. The age of this deposit was obtained through fi ssion tracks and (U-Th)/He in apatite (Young et al., 1969; McDowell and Keizer, 1977; Farley, 2000) , and apatite from this deposit is commonly used as an international standard for both dating techniques. Lyons (1988) stated a volcanic origin for this deposit that, according to the present understanding on similar iron oxide and apatite deposits, would be a Phanerozoic equivalent to the iron oxide-copper-gold (or IOCG) type of deposit (Pollard, 2000) .
Carbonate Replacement Deposits
This type of deposit was formed by the replacement of carbonate rocks that are not related to skarns, including both Mississippi Valley-type (MVT) deposits and low-temperature deposits whose type remains uncertain. Most of these deposits are found on the eastern border of Mesa Central and some are located in the Sierra Madre Oriental, but for the purposes of this study, it is convenient to consider them as a group. These deposits are the Las Cuevas and San José Tierras Negras (Wadley) in San Luis Potosí, and El Realito in Guanajuato (González-Reyna and White, 1947; González-Reyna, 1956; Ruiz et al., 1980; Consejo de Recursos Minerales, 1992 , 1996 Levresse et al., 2003) . Las Cuevas fl uorite deposits are the largest and most productive in the world: the "G" body alone contains over 50 Mt with almost 99% fl uorite, and the district contains over 150 Mt high-grade fl uorite bodies. There is noticeable antimoniferous mineralization in Wadley, with Ag, Pb, Cu, Hg, and Zn, hosted by the Jurassic Zuloaga Formation and found within the Charcas-Real de Catorce trend. Some of the carbonate replacement deposits in Mesa Central cannot be assigned to a specifi c deposit type with certainty, and further study is necessary to better characterize their origin.
Other Deposit Types
Several tin mines and prospects, which are found near the northwestern border of Mesa Central, developed in Quaternary alluvial placers. The most important deposits are found in Sapiorís and América in Durango, although their prospective area runs from Sapiorís to Coneto de Comonfort. The mineralogy of these placers comprises cassiterite, topaz, durangite, and minor crisoberyl, emerald, gold, and silver (Fabregat-G, 1966) . The source areas for the placer deposits are found in the neighboring ranges, which were formed by Tertiary rhyolites, where neumatolitic tin veins formed along breccia zones. Most of these tin veins are strictly found in the Sierra Madre Occidental. There are many small tin vein deposits in Ahualulco, Villa de Arriaga, and Villa de Reyes in San Luis Potosí, Ochoa in Durango, Sierra de Chapultepec in Zacatecas, Cosío in Aguascalientes, and Tlaqui cheros in Guanajuato (Bracho-Valle, 1960; Fabregat-G, 1966; Salas, 1975; Consejo de Recursos Minerales, 1996) . The most widely known topaz mineralization in rhyolitic domes in Mesa Central is found in Tepetate, San Luis Potosí (Aguillón-Robles et al., 1994) , due to the gem quality of the topaz crystals in that locality. There are also gold and tin placers in Guadalcázar and El Realejo in San Luis Potosí (Consejo de Recursos Minerales, 1996) . The wide variety of the mineralogenic environments in Mesa Central is further represented by the Montaña de Manganeso district in San Luis Potosí, which contains Mn-rich hydrothermal veins, stockworks, and jasperoids hosted by the Upper Cretaceous Caracol Formation (Consejo de Recursos Minerales, 1996) . In addition, there are supergene alunite deposits in Comonfort and Santa Cruz de Galeana in Guanajuato (González-Reyna, 1956 ), although they are not metallogenically or economically relevant. There are also phosphate deposits, essentially formed by variscite, due to supergene alteration of rhyolitic tuffs at La Herradura, San Luis Potosí (Consejo de Recursos Minerales, 1996) . Many supergene alteration zones or gossan deposits developed on metalliferous deposits, increasing the economic value or recoverability of the primary deposits, as in the Real de Catorce deposits with the forma tion of chlorargyrite and bromargyrite. Lastly, the Salinas de Hidalgo district in San Luis Potosí contains abundant prospects of many substances in different deposit types, although the area is better known for its recent evaporitic potash, as well as its sodium chloride, sulfate, and carbonate deposits (Consejo de Recursos Minerales, 1996) .
General Considerations
Considering that the San Luis-Tepehuanes fault system has been active since the Oligocene, and that the majority of ore deposits in Mesa Central or neighboring areas concentrate along the fault system (Fig. 6) , it seems likely that the formation of such deposits may have been infl uenced by the activity of this fault system. A similar grouping of ore deposits occurs along the Taxco-San Miguel de Allende fault zone and the El Bajío fault, though less abundant than in the previous case. In contrast, the northern border of Mesa Central is almost devoid of ore deposits, except for those that were not formed under the infl uence of or due to any magmatic activity. Additionally, since the deposit types grouped along the San Luis-Tepehuanes fault system (skarn, epithermal, IOCG, tin veins) have a genetic affi nity with magmatic phenomena, it is reasonable to state that the fault system favored the channeling of magmas that, in turn, formed or contributed to the formation of ore deposits. The fault system reactivated several times in different segments, from middle Eocene to lower Miocene, and a well-known characteristic of such reactivation stages is that their occurrence coincides with the preferential age range for the formation of epithermal deposits in central México (Albinson, 1988; Camprubí et al., 2003) , some skarn deposits (Megaw et al., 1988) , and the Cerro de Mercado IOCG deposit (Lyons, 1988) . The zones with structural weakness that include major fault zones like the San Luis-Tepehuanes and the TaxcoSan Miguel de Allende or El Bajío fault may effectively favor the upwelling and emplacement of magmas and fl uids, and thus the formation of associated mineral deposits. For example, as already described in previous sections, in the Zacatecas and Fresnillo mining districts (located on the San Luis-Tepehuanes fault system), normal faulting and magmatic activity have been documented during the late Eocene and the early Oligocene, when the epithermal deposits were forming (Albinson, 1988; Lang et al., 1988; Ponce and Clark, 1988) . However, this does not imply that the emplacement of magmas and ore deposits actually occurred or must occur along the main faults. The formation of epithermal deposits, for instance, is controlled by regional-scale faults spe 422-02 30 pages in zones with intense tensional fracturing (Mitchell and Balce, 1990; Nesbitt, 1990; Staude, 1993; Ponce and Glen, 2002) . Such faults determine the location of deposits and channel ways for the emplacement of magmas that provide the necessary heat source to activate the hydrothermal activity (Hedenquist, 1986; Fournier, 1987) . Although major faults directly control the emplacement of mineral deposits, these preferentially formed in subsidiary faults nonetheless (White and Hedenquist, 1990 ). In the case of Mesa Central, it is necessary to evaluate the role that subsidiary faults played in the formation of epithermal deposits in every case, as well as the association between major faults and these deposits, and between major faults and other deposit types. Based on the existing data, we can merely indicate that mineral deposits (especially epithermal) and major fault systems were active at the same time and in the same locations in Mesa Central, that the circulation of fl uids through the crust is favored through large fault systems like the San Luis-Tepehuanes fault system, and thus that the abundance of mineral deposits along this fault system is not merely coincidental.
CONCLUSIONS
Mesa Central is a physiographic province characterized by a moderate topographic relief, located in the central-northern part of México, and surrounded by the Sierra Madre Occidental, Sierra Madre Oriental, and the Trans-Mexican Volcanic Belt. The Cenozoic extensional deformation was the main tectonic event that confi gured the province. The large fault systems present in Mesa Central had a fundamental role in the geologic evolution of the region.
Mesa Central is bound to the N by the Sector Transversal de Parras of the Sierra Madre Oriental, to the S by the El Bajío fault system, to the E by the Taxco-San Miguel de Allende fault system, and to the W by the Aguascalientes graben and the San Luis-Tepehuanes fault system. Within Mesa Central, two sectors can be distinguished: (1) the northern sector, in a more advanced state of erosion and with no signifi cant evidence for Neogene tectonics, (2) and the southern sector, where major extensional tectonic events occurred during the Oligocene, and minor extensional events happened from the Miocene to the Quaternary. The boundary between these sectors, the San Luis-Tepehuanes fault system, roughly follows the western boundary of Triassic turbidites along the interpreted boundary of the Triassic continent.
The crust under Mesa Central is thinner than in the regions E and W of its limits. Recent zones of partial melting in the upper mantle under Mesa Central are inferred from seismic data, and the presence of alkaline basalts with mantle xenoliths is widely documented in the northern region of Mesa Central.
In the southern region of Mesa Central, detailed studies show that the crust was extended ~20% in an approximate E-W orientation mainly during the early Oligocene, but that minor deformation events occurred up to the Miocene. Intense silicic magmatism also occurred during the early Oligocene, mainly from partial melting of the crust.
In Mesa Central, magmatism was coeval with ore deposits, as noted in Mesa Central by several authors, as well as in other regions in México. However, the geographic distribution of the volcanic rocks in Mesa Central is wider than that of ore deposits, whereas in the case of volcanic rocks of the Sierra Madre Occidental, the associated deposits are mainly located at the northeastern limit. Most ore deposits are found on the trace of the San Luis-Tepehuanes fault system and their ages are congruent with the activity of this structure. Even though such space and time relations are evident, the role of large fault systems in the location of ore deposits is poorly studied and understood. It is reasonable to suppose that the weakness zones in the upper crust allow a better circulation of fl uids, either magmatic or hydrothermal, thus favoring the formation of ore deposits with enhanced porosity if the country rocks are highly fractured.
Finally, we would like to point out/address the gaps in the geological knowledge concerning Mesa Central:
• More accurate and an increased number of age determinations of the volcanosedimenty marine sequences are necessary in order to separate the marine volcanic arcs of probable Late Jurassic-Early Cretaceous age from the Triassic sedimentary or volcanosedimentary sequences that correlate with the Zacatecas outcrops.
• The Cenozoic sedimentary rocks that fi ll continental basins have not been studied from a sedimentologic point of view. These studies would contribute fundamental information if they contain almost the totality of the aquifers in Mesa Central, and also contain part of the lithologic and paleontologic record about the time of emplacement of the volcanic sequences in the Sierra Madre Occidental.
• The Cenozoic volcanic stratigraphy is still incomplete and more radiometric age data from the associated rocks are needed. Systematic work is necessary to establish correlations between the outcrops in the different ranges separated by sedimentary basins. Until now, most correlations have been based on lithologic criteria, which is highly uncertain for volcanic rocks. The isotopic age determinations will help to reconstruct the evolution of structural systems and the tectonic history of the region, provided that most of the basins that separate mountain ranges are of tectonic origin.
• The migration of the volcanism during the Cenozoic toward the margins of Mesa Central has been documented in a general way. The details of that migration considering ages, volumes of rocks and styles, and composition of the volcanism, as well as the associated deformation remain unknown.
• The role that the major fault systems of Mesa Central played during the different tectonic events, which occurred during the Cretaceous and Cenozoic, is still obscure. Further systematic studies of the major structures and associated rocks are required.
